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Abstract. A field study has been carried out to evaluate the performance of seven common types of on-line
emitters in the central region of Saudi Arabia. The emitters have been chosen to represent three major
types of emitters: laminar flow. wrbulent flow and pressure compensating emitters. The emitters have
been tested under different operating pressures. A simplified procedure has been developed to perform
a comparison between the theorctical and the measured cmitter flow rates, considering the effect of head
loss along the lzteral. The tested laminar flow emitters have shown a noticeable difference between the
measured and the corresponding nominal flow rates, Moreover, they have shown a non-uniformity of flow
rates and unsatisfactory performance. Turbulent flow and pressure compensating emitters have shown a
good uniformity of flow rates and their variations of flow rates due to manufacture were low. These emit-
tets have also shown low diffeence between the nominal and measured flow rates. Thercfore, they are
recommended for use in the area under study.

Introduction

Trickle irrigation has a distinguished place among irrigation systems, especially in
arid regions. due to its advantages in water saving where water resources are limited.
[n a trickle irrigation system, a small controlled amount of water is applied ncar the
plant by the emitters. There are various types of emitters available commercially.
Generally. emitters could be classified into three main types based ontheir modes of
operation [1.35]: (a) laminar flow emitters, which are either microtubes or spiral long
path emittering. (b) turbulent flow emitters, which are either tortuous long path
emitter maintains turbulence with continuously changing flow direction, or the short
path type which decreases the flow passage diameter under increasing pressure, and
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(¢} orifice emitters: which include the simple orifice, the vortex orifice and multiple
orifices in series. Manufacturers have developed emitters that provide constant flow
rate over a wide range of lateral line pressure known as the pressure compensating
emitters.

Ideally. an emitter permits a uniform flow of water to trickle at constant flow
rate that does not vary significantly throughout the field. From a practical point of
view, it is difficult to achieve this ideal performance because along the lateral there
is a pressure gradient due to friction losses and, as a result, the flow rate of the differ-
ent emitters will vary. Moreover, the design, manufacture and material quality con-
trol of emitters greatly affect their performance to deliver constant discharges [2].
The hydraulic specifications of emitters include the operating pressures at their inlet
and the corresponding nominal flow rates expressed at water temperature of 25°C,
Every manufacturer drew especiaily the relation of pressure to flow rate at a best per-
formance for his emitter [3]. However, in many cases, the emitters are not carefully
manufactured and no care has been paid to the standard specifications. Accordingly,
a difference between the actual and the theoretical pressure-flow rclationship is
expected. which in turn affects the accuracy of the trickle network design.

In arid region conditions, where atmospheric demand is very high, the knowl-
edge of the uniformity of water distribution from emitters is important to insure effi-
cient irrigation practice. The Kingdom of Saudi Arabia is considered as a good exam-
ple of the arid regions. The central region is the most important agricultural area in
the Kingdom. where irrigated lands by trickle irrigation is expected to expand in the
near future. Therefore, such studies concerning trickle irrigation evaluation should
take more attention.

The objectives of the present work are to evaluate the performance of the com-
mon types of on-line emitters in the central region of Saudi Arabia, and to recognize
the reliability of their nominal flow under different operating pressures.

Notations

The following symbols are used in this study:

= cross-section area of the lateral.
= constant
= coefficient of Hazen Williams.

e ol
T
£

diameter of the lateral

f
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EU = emission uniformity

EU, = absoclute emission uniformity.

F = coefficient.

1 = subscript identifying individual emitter.

K = constant.

L — distance between last emitter in the lateral and the latcral inlet.
n = number of emitters along the lateral.

P = operating pressure.

P, = average operating pressure along the lateral.

Q = total flow at the lateral inlet.

q = average measured mean flow for number of emitters.
q = emitter flow rate.

q, = average of the lowest 1/4 of emitters flows.

Qrom = emitter nominal flow.

Qrom = average nominal flow for a group of emitters along the lateral.
q, = average of the highest 1/8 of emitters flows.

Sq = standard deviation of emitters flows.

U, = statistical uniformity of emitters flow rates.

Vi = manufacturer’s coefficient of variation.

X = emitter flow exponent.

X = distance between emitter and the lateral inlet.

Materials and Methods

A comprehensive survey of common emitters in the area was made. As aresult,
seven commercial marks of on-line emitters are collected from retail outlets. They
are grouped into three categories according to their nominal flow rates. Adjustable
emitters were excluded from this study. Iilustrated in Table 1 are some characteris-
tics of the seven emitters taken from their catalogues. The flow-pressure relation-
ships of these emitters are collected from catalogs and redrawn in one graph as shown

in Fig. 1.
Experimental work

The field work was conducted at the Agricultural Research Station, Al-Qassim
Branch of King Saud University, Buriadah (Latitude 26° N, Altitude 44° E and



54 Hosam El-Din M.M. Moghazi and El-Sayed E. Ismail

Table 1. Some characteristics of the chosen emitters

Group Commercial Emitter Features Specifications
name type
® Spiral flow path ® 4 mm barbed inlet
E-2* (1) ® Barbed outlet for and outlet
Laminar remote water
A flow discharge
(81/h) ® Removable key
insert
(1D ® Removable cap for # Stable polypro-
Turbo-Key* Turbulent cleaning pylenc and polye-
flow thylene material
E-2% {111) asin No.I asinNo. |
Laminar flow
® Proven spiral flow ® Stabie polyprop-
(Iv) path and removable ylenc material
Key Clip* Laminar flow keyinsert & 4 mm barbed inlet
B
(4 1/h) (V) ® Labyrinth turbulent ® Stable polyprop-
K-4* Turbulent water flow path ylene construction
flow ® Barbed outlet for ® 4 mm barbed inlet
remote water ® 3mm barbed outlet
discharge
& Removable key
insert
{vI) asinNo.1l asin No.1l
Turbo-key* Turbulent
flow
(VII) ® Highly insert silicone ® Single outlet
C Rain Bug** Pressure elastomer diaphragm
(1.891/h) compensating @ Self-picreing barbed

inlet

* RIS, “Hardie Irrigation”, Roma, Ttaly, 1989 [4].

** Rain Bird, “Turf Irrigation Equipment™, Glendora, USA, 1992 [5].
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Fig. 1. Manufacturer’s performance curves of emitters under evaluation .

elevation 625 m). It was carried out in October to December, 1993 when the atmos-
pheric temperature was nearly 22 to 23°C. Irrigation water salinity in the site was
about 1200 ppm.

A new trickle irrigation network was instailed in a leveled arca with no slope.
Only one inlet along the manifold was chosen to carry out the study. For each type
of emitter, a new polyethylene lateral was connected to the manifold. The lateral has
an inner diameter of 13 mm with a total length of 100 m. A new calibrated pressure
gauge was installed at the lateral inlet. The first emitter was fitted at a distance of 2
m and the subsequent emitters were fitted at 4 m spacing making the total number of
emitters 24. A small hole was dug underncath each position of emitter and a catch
can with a capacity of one liter was put in to receive the trickled water. The study was
carried out under three operating pressures equal to 1.0, 2.0 and 2.5 bar (100, 200
and 250 KPa, respectively) at the lateral inlet and the pressure was controlled by a
valve fitted after the pressure gauge. Before starting the test, water was left to flow
for sometime from the lateral outlet to make sure that it tlows freely from air bubbles
and, then, the lateral outlet was closed. Applying the operating pressure P at the lat-
eral inlet, the flow of each emitter was then measured using a graduate cylinder and
a digital stop watch, This procedure was carried out for the scven emitters types.
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Evaluation’s Criteria

The following are criteria by which the different emitters types will be evaluated
in this study:

1. Emitter flow variation
which is a measure of the variation of the emitter discharge rate.
{a) The manufacturer’s coefficient of emitter variation: it reflects the normal

distribution of emitter discharge variation. The emitter flow variation is
determined as follows [6]:

Ve = (1

g -1 2 1
e A DL DX )

1 n
q* = _ZQi (3)
n 4
=1
where:;
\/qs = the manufacturer’s coefficient of variation.
q* = mean flow for a number of n emitters tested at a fixed pressure and
tempcrature.
Sq = standard deviation of emitters flows.
i = subscript identifying individual emitter.

Typical values of Vs may range from (.02 to 0.1 for non-compensating emitters and
even to above 0.1 for some pressure compensating emitters, depending on the type
of emitter and the consistency of the pressure by which the emitter is made [2].

{(b) Statistical uniformity: emitter flow variation can also be evaluated by
determining the statistical uniformity as follows;

U, = ]00(1—Vqs) (4)
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where U_is the statistical uniformity of the emitters flow rates.

The general criteria for an acceptable statistical uniformity is 90% ot more,
excellent; 80to 90% , very good; 70 to 80% , fair; 60 to 70% , poor; and less than 60%,

unacceptable [6].

2.

Emission uniformity

Two parameters are applied herein to express as suggested by [7, pp.50]. They

are:

(a) The emission uniformity (EU): which can be considered as the most impor-

tant factor of application uniformity and is defined as the ratio of the
minimum to the average of emitter flow rates as a percentage:

4n
4«

EU = 100( (3)

where g is the average of the lowest 1/4 of emitter flow rates. According
to [6], EU% is considered as excellent; good, fair; poor or unacceptable
when its value is 100-94; 87-81; 75-68; 62-36 or less than 50%, respectively.

(b) The absolute emission uniformity (EU,: which is the parameter of applica-

3,

tion uniformity, including the maximum and minimum flow rates, and can
be calcuiated as follows:

1 qn q- )
EU,=100x —( —+ (6)
2 q g

where q, is the average of the highest 1/8 of the emitter tlow rates.

Characterizing the flow regime of emitters

The flow rate of an emitter may be characterized by the following equation [8.

3l

where:

q=KP’ (7

emitter flow rate.

operating pressure.
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K = aconstant of proportionality that characterizes each emitter.
x = theemitter flow exponent that is characterized by the flow regime as fol-
lows [2] and [6,40]:
® 4 laminar flow regime corresponds to x = 1.
® a fully turbulent regime corresponds to x = 0.5.
® anintermediate stage corresponds to 0.5 < x << 1.

The lower the value of x. the less the flow is affected by pressure variation. For
long path flow emitter, 0.5 < x = 1.0. For fixed orifice and nozzle type emitters x =
0.5. For pressure compensating cmitters, 0.0 < x < (1.5, Having known the cmitter
flow rate at two different operating pressure heads, the cxponent (x) can be deter-
mined by measuring the slope of a log-log plot of P vs. g, or analytically by:

log(q,/q,)
X=— (8)
log(p,/p,)

where q; and q, are emitter flows at two different operating pressures p, and p,
respectivelv.

Results and Analysis
1. Emitter flow-distance

The location of emitter is identified by the relative position X/I., where X is the
distance between the emitter and the lateral inlet and L is the distance between the
last emitter and the lateral inlet. Under the three operating pressures P, the relation-
ships between the mcasured emitters flow q and the corresponding values of X/L. are
shown in Figs, 2. 3 and 4 for emitters of groups A, B and C, respectively. For emitters
of group A with a nominal flow of & I'h (Fig. 2), non-uniformity of flow of emitter
type I (laminar flow type) can be seen along the lateral. On the other hand, a much
better uniformity of flow is noticed for emitter type I1 (turbulent flow-typc). How-
ever, there is a sharp drop of flow noticed at the lateral end for this emitter type which
may be attributed to their imprecise manufacturers. For cmitters with a nominai flow
of 4 /h (Fig. 3). one can see the non-uniformity of emitters types 11 and I'V (laminar
flow type) along the lateral. In addition, there are somc cxtreme values of g noticed
in case of emitter type 1II. Therefore, these values will be excluded during the evalu-
auon procedure. Referring to Fig. 3, one can notice the very good uniformity of emit-
ters types V oand VI (turbulent flow type) except one extreme value of q in case of
emitter type V which will also be excluded during the evaluation procedure. Figure
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Fig. 2. Distribution of emitter flow rates along the lateral of group A,

4 shows the flow distribution of emitter type VII (pressure compensating type).
Although this emitter type has the advantage of giving a nearly constant flow rate
under a wide range of pressure as shown from its performance curve (Fig. 1), the field
measurements show a noticeable difference between emitter flow rates under the
applied operating pressures and doubling the operating pressurc from 1 to 2 bar
caused an increase of emitter flow ¢ by about 36%. However, this type of emitters
shows a good uniformity of flow along the lateral.

2. Measured and nominal emitters flow rates

A comparison between the theoretical and the measured emitter flow rates is
valuable to investigate the emitter performance efficiency. However, comparing the
average measured emitters flows ¢ and the emitter nominal flow g, at a specific
value of P is not logical. This is due to the hcad loss along the lateral Ah, where the
emitter operating pressure decreases as the emitter distance from the lateral inlet X
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Fig. 4. Distribution of emitter flow rates along the lateral of group A.

increases. Accordingly, the average nominal flow rate for a group of emitters along
the lateral g, should be less than the nominal flow rate of an emitter q, . Thus,
the determination of g’ is essential to perform such a comparison between the
theoretical and the measured average flows for a group of emitters. The following
procedure is developed to determine g, considering the head loss along the lateral:

1- calculate flow velocity v through the lateral assumin g that all water is carried
to the end of the lateral:

qnom -n
v=—— (C)]
a
where:
Q,om = nominal flow of emitter at a specified value of P (Fig. 1).
n = number of emitters along the lateral.
a = cross-section area of the lateral.

2-  using the Hazen-Williams equation to determine the head loss along the lat-
eral A h[8,46]:

Ah = FCL (Q/C,y) ¥%/d* 865 (10)

where:
F = coefficient to compensate for the flow rate along tthe lateral and depends
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on number of openings,

C = 10.77 for h, L, d(m), Q {(m?¥s).

Q = total flow at lateral inlet.

Chw = coefficient of Hazen-Williams and equal to 150 for plastic or PVC pipes.
d = diameter of latcral.

3- since the average operating pressurc along the lateral P, occur at 0.39 L at
which 77% of Ah is resulted [7,71], then

P, =P-0.77 Ah (11)

in which P s the operating pressurc at the lateral infet. Using Fig. 1, the average nom-
mnal flow for a group of emitters q,, .. corresponding to P, can be determined.

Figures 3, 6 and 7 show the comparisons between the average measured emitters
flow rates q" and the corresponding average nominal emitters flow rate q*_ for emit-
ter of groups A, B and C, respectively, and for different values of P. Generally speak-
ing, it can be noticed that q is always less than q* _ for all types of emitters. However,
this difference varies according to emitter type and the operating pressure. For emit-
ters of group A (Fig. 5), it can be scen that emitter type I (laminar flow type) has a
high difference between q* and ¢ and it reaches about 24% at P=1 bar and drops
to 20.5% at P=2.5 bar. For cmitter type II (turbulent flow type), less difference is
noticed and it ranges from 3% to 10.5% at P = 1 and 2.5 bar, respectively. For emit-
ters of group B (Fig. 6), emitter type III (laminar flow type) has the highest differ-
ence between q* and q;,,, and it is about 56% at P=1 bar, Emitter type IV (laminar
flow type) has also a noticeable difference, but it is relatively less than emitter I and
it is about 13.6% at P=1 bar. This may be attributed to its large water passage way
compared to emitter type 111 and it may also be attributed to the ¢mitter manufactur-

ing.

Emitters types V and VI (turbulent flow type) have the minimum ditferences
between q* and g and this difference nearly vanish at P=2.5 bar. For emitters of
group C (Fig. 7), a small difference between g* and g is noticed. A general look
at Figs. 5, 6, and 7 shows that the difference between g* and g decreases as the
operational pressure P increascs. This is attributed to the capability of high pressure
to push out any accumulated salts in the water passage way compared to low pres-
surc. One can conclude from the above analysis that there is always a noticcable dif-
ference between the theorctical (nominal) and the measured emitters flow rates in
the laminar flow type compared to turbulent flow or pressure compensating types.
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3. Emitters evaluation

Applying Equations 1-8, different criteria for emitters’ evaluation have been
calculated and they are summarized in Table 2. The following remarks could be
noticed from these Tesults.

a) The non-pressure compensating emitters (NPC), with spiral flow path
(Types I, 11, 1V), have given unsatisfactory performance with a manufacturer’s coef-
ficient of variation V  as high as 0.38 (emitter type ['V) or more, whilc the reasonable
value may range from 0.02 to 0.10 [2].

b) Fair or poor statistical uniformity of flow U, and emission uniformity EU
have been obtained for emitter type IV (laminar type). This is mainly attributed to
its tiny water passage and, therefore, they can easily be blocked by any little particle
in the water. However, emitter type III has very good values of U, EU and EU,.
This is attributed to its relative large flow path cross-section and, therefore, an
increase of the flow rate is obtained compared to the other laminar flow emitter. This
was clearly indicated in the comparison between the average emitter flow and the
corresponding nominal flow rate (Fig. 6).
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Table 2. Evaluation of different chosen emitters

Group Type of P Sq Vys Us% EU% EUa% X
emitter (bar)
1.0 1.174 {12324 76.75F 73.116F 75.824 0.67
{I* 20 1.614 0.20 79.95F T8Ol F 7622
A 2.5 1.757 0.202 79.80F  75.127F  87.56
(81/h} 1.0 1.104 0.17 82.9 §1.03 G 85.3 0.502
V.G.
{In* 2.0 1.645 0.181 81.18 7920 G 80.26
V.G.
25 2257 0.22 780F 7637TF 819
(I11)* 2.0 0.909 0.159 84.08 8441 G 80.68
V.G.
25 1.103 0.167 83.29 87.02 G R215
V.G.
1.0 0.647 0.3817 61.83P 60.59 P 61.64 0.70
(Iv)* 2.0 0.8162 0.302 69.77P 5863 P 7931
B 25 1.051 0.312 68.77P 6513 P 64.27
(4 1/h) 1.0 0.2t4 0.073 G2.69E 91.39 E 90.8 0.61
(vV)* 2.0 0.1886 0.0704 9593E 9478 E 97.39
25 0.189 0.036 96.43E  80.97 G 88,05
1.0 0.477 0.1365 86.35 89.77 E 8372 0.55
V.G.
(VI)* 2.0 0.3559 0.0666 93.34E 09285 E 9091
2.5 0.465 0.074 92.59E 9055 E  90.12
1.0 0.148 0.1018 89.98 89.07 E  87.52 L13
V.G.
(VII)** 2.0 0.207 0.1187 88.13 91.10 E  84.70
C V.G.
(1.891/h) 25 032 0.169 83.07 86,06 G 80.79
V.G.

E: Excellent, V.G.: Very Good, G: Good, F: Fair, P: Poor
* Non-pressurc compensating emitters (NPS)
** Pressure compensating emitter

¢) Turbulent flow emitters have given a satisfactory performance of V., (emit-
ters’ type V and VI). They have excelient or very good values of U, EU and EU,.
This is attributed to their ability to cause turbulence to any silting in the water pass-
age.
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d) Pressure compensating emitter (type VII) has a quite higher value of V
than 0.10. This may be attributed to the difficulty to obtain manufacturing precision
of materials used in this type of cmitter. However, this type of emitter has very good
to excellent values of U, EU and EU,..

e) The emitter flow exponent X, for laminar flow emitters (Types 1, 11T and
V), varies between 0.67 and 0.70 although it would be expected to have a value of
L.0. For turbulent flow emitters (Types 1I, V and V1), x ranges from 0.50 to 0.60
which agrees well with the expected value (x = 0.50). For pressure compensating
emitters, x has a value of 0.13 which lies within the expected range for this type of
emitter (0.0 < xn 0.50).

Conclusions

Concluding remarks from the field evaluation of the performance of locally
available on-line emitters are as follows:

1) For laminar flow emitters, a noticeable difference between the measured
emitter flow rate and the corresponding nominal flow rate is generally observed. A
non-uniformity of flow rate along the lateral and an unsatisfactory performance are
noticed. These types of emitters are characterized by their high values of the coeffi-
cient of manufacturer’s variation.

2) Laminar flow emitters are not desirable if the used water has a high salinity
because of their sensitivity to clogging by accumulating small particles in their narrow
flow passage ways.

3) Turbulent flow and pressurc compensating emitters are recommended to
be used in the area under study, where very good uniformity of flow rate along the
lateral is noticed and a negligible difference between the measured and nominal
flows is obtained. Moreover, they are characterized by their low coefficient of man-
ufacturer’s variation.

4) Before selecting emitters for a new trickle system, it is recommended to do
a field evaluation of different available types of emitters to select the most approp-
riate and efficient one.
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